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© Method of and apparatus for manufacturing tube having holes. 



© It is an object of the present invention to provide 
a tube with precise holes. The side of a tube is 
drilled at predetermined intervals by a laser beam 
while the tube is being conveyed in its longitudinal 
direction in a tubular state, in consequence, manu- 
facture is facilitated, and the precise holes can be 
drilled. 
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METHOD OF AND APPARATUS FOR MANUFACTURING TUBE HAVING HOLES 



The present invention relates to a method of 
and an apparatus for manufacturing a tube having 
holes, for instance, which is suitable for use in 
irrigation or sprinkling. 

Known tubes having holes have a large number 
of small holes formed in the longitudinal direction 
on a half of the surface, i.e. one side thereof. Such 
tubes having holes are widely used for sprinkling 
water or spraying liquid fertilizer over vegetables, 
fruits or flowers. 

Manufacture of such a tube is not very difficult; 
it can be easily manufactured by forcing a syn- 
thetic resin through the cylindrical orifice of a die. 
However, drilling small holes only on one side of 
the continuous tube manufactured is not easy. 

Previously, a tube having holes was manufac- 
tured by preparing a first synthetic resin tape with 
a large number of holes drilled in it and a second 
synthetic resin tape having the same shape but no 
holes in it and then by sticking the edges of the 
first tape to the edges of the second tape to form a 
continuous tube. The first tape is drilled mechani- 
cally by punching or using a laser beam. 

However, the tube having holes manufactured 
in the above-described method has a disadvantage 
in that it may rupture at its seams when a hydraulic 
pressure is applied thereto. Furthermore, it is not 
easy to mass produce the above-described type of 
tube. 

Accordingly, it has been proposed to drill a 
seamless tube manufactured by the extrusion by 
folding the seamless tube at two lines and then 
notching the folded edge of the tube in a semicir- 
cular form at predetermined intervals. The semicir- 
cular notches formed become circular holes when 
the seamless tube is unfolded. However, it is very 
difficult to notch the edge of the folded tube in the 
same semicircular form, and this makes it difficult 
for substantially circular holes to be formed in an 
unfolded tube, causing the areas of the openings of 
the individual holes to vary from each other, 

When drilling is conducted using a laser beam, 
as stated above, the laser beam is condensed by a 
lens so as to achieve a high energy level required 
for local processing, and the condensed laser 
beam is focused on the surface of a tube. The 
depth of a hole that can be formed by the laser 
beam is about ±2 mm. 

It is therefore required that the relative distance 
between the tube and a laser beam irradiating 
portion be maintained precisely at a value less than 
the above-described depth, and preferably, at ±0.5 
mm or less. However, no adequate method of 
maintaining this precision is known, and drilling 
failure often occurs. 



An object of the present invention is to provide 
a tube with precise holes, and a method and an 
apparatus for manufacturing such a tube. 

According to the present invention, there is 

5 provided a method of manufacturing a tube having 
holes which comprises a step of continuously drill- 
ing holes in a side of the tube at predetermined 
intervals by a laser beam focused thereon while the 
tube is being conveyed in its longitudinal direction 

10 in a tubular state. 

It is not necessary for the tube obtained to be 
colored in black and non-black in drilled and undril- 
led portions, respectively. However, it may have 
black and non-black portions. Alternatively, it may 

15 be black alone. In the latter case, the synthetic 
resin that forms the tube may contain at least 0.5 
wt% of carbon black as a coloring agent. 

A laser beam generating device for irradiating 
the side of the tube with a laser beam can employ 

20 an excited material substantially formed of yttrium 
aluminum garnet crystals. Upon excitation by light, 
the excited material emits near infrared rays of 
light. Alternatively, other types of laser beam gen- 
erating devices may also be used. 

25 An apparatus for manufacturing a tube having 
holes according to the present invention includes a 
tube retainer for retaining a tube in a tubular state, 
at least one of laser beam irradiating portion dis- 
posed on the side of the tube retainer in such a 

30 manner that a laser beam emitted from the laser 
beam irradiating portion is focused on the surface 
of the tube, There can be a tube conveying portion 
for conveying the tube in its longitudinal direction. 
In the apparatus for manufacturing a tube hav- 

35 ing holes according to the present invention, a tube 
can be drilled at intervals of 2.5 cm by conveying 
the tube to be drilled at a speed of, for example, 10 
cm/sec and by irradiating a laser beam at fre- 
quencies of 4 times per second. In other words, a 

40 desired drilling is possible by adequately setting 
the output of the laser beam, the time during which 
the laser beam is irradiated, and the number of 
laser beam irradiating portions. 

The invention will be better understood from 

45 the following description given by way of example 
with reference to the drawings, in which:- 

Figs. 1 to 5 are examples of a drilling appara- 
tus, in which: 

Fig. 1 is a perspective view of an example of 

50 a drilling apparatus; 

Fig. 2 is a perspective view of example 2 of 
the drilling apparatus; 

Fig. 3 is a perspective view, with parts 
broken away, of example 3 of the drilling appara- 
tus; 
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Fig. 4 is a perspective view, with parts 
broken away, of example 4 of the drilling appara- 
tus; 

Fig. 5 is a side view of the drilling apparatus, 
showing the overall arrangement thereof; and 

Figs. 6 and 7 are perspective views of an- 
other examples. 

A tube having holes and a first method of 
manufacturing such a tube according to the present 
invention will be mainly described below with refer- 
ence to Figs. 1 and 2. 

Examples of the method of manufacturing a 
tube having holes and a drilling apparatus will be 
described with reference to Figs. 1 to 5. 

With reference to Fig. 1, a 
seamless tube 1 formed of a flexible synthetic 
resin was prepared. 

The tube 1 is retained in a tubular state by a 
tube retainer 2 such that its cross-section was 
circular. The tube retainer 2 has at least two ring 
members 2a and a base 2b connecting these ring 
members 2a. The inner diameter of each of the 
ring members 2a is substantially equal to the outer 
diameter of the tube 1. A laser beam irradiating 
portion 3 is mounted on the base 2b. The laser 
beam irradiating portion 3 is provided on the distal 
end of an optical fiber 6 for focussing a laser 
beam. The proximal end of the optical fiber 6 is 
connected to a laser beam generating device 6a. 

The laser beam irradiating portion 3 is posi- 
tioned on the side of the tube retainer 2 in such a 
manner that it can focus the laser beam on the 
surface of tube 1 retained by the tube retainer 2. 
The laser beam generating device 6a is of the type 
in which the material substantially formed of YAG 
was excited by light so that it generated near 
infrared rays of light. Such a laser beam generating 
device is capable of outputting a laser beam at a 
high level. It is to be noted, however, that other 
types of laser beam generating devices can also 
be employed in the present invention. 

The apparatus shown in Fig. 1 is positioned 
near a tube molding machine so as to receive and 
retain a tube continuously forced out of the tube 
molding machine. The apparatus may be posi- 
tioned at a position corresponding to that of the 
laser beam irradiating portion 3 shown in Fig. 5. 

After having been forced out of a die 7, the 
tube 1 is cooled and fixed by an air cooling device 
8. The tube 1 is fed in its longitudinal direction by 
a tube conveying portion 4 shown in Fig. 5, which 
is rotated at a predetermined speed so as to con- 
vey the tube 1 at a fixed speed. 

The tube 1 is molded in a tubular state in 
which it encloses air in it. However, in order to 
retain the tube more effectively, air may be blown 
into the tube from an air inlet 7a provided in the 
distal end of the die 7 so as to inflate the tube. 
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The synthetic resin that forms the portion of 
the tube 1 which is drilled may contain 3 wt% of 
carbon black. As a result, absorption of energy with 
an infrared band is improved, and drilling speed 
5 increased. 

Each of the ring members may be in a semicir- 
cular form, as shown in Fig. 6. 

With reference to Fig. 2. the tube retainer 2 
consists of a cylindrical member 2c having a diam- 
io eter substantially equal to the outer diameter of the 
tube 1. The cylindrical member 2c has a laser 
beam irradiation window 2d at which the laser 
beam irradiating portion 3 is positioned. 

As shown in Fig. 7, the tube retainer 2 may 
75 also is comprised of a semicylindrical member. 

With reference to Fig. 3, a tube 1 is manufac- 
tured by being forced through a die 7. Molten resin 
is forced through a ring-shaped nozzle 10. The 
tube 1 forced out of the ring-shaped nozzle 10 is 
20 retained from its inner side by the tube retainer 2 
vertically provided at the center of the nozzle 10 so 
that it does not shake. 

The tube retainer 2 is made of a cylindrical 
member having an outer diameter substantially the 
25 same as the inner diameter of the tube 1 . The tube 
retainer 2 has a thin base. Since the tube retainer 2 
also serves as a cooling inside mandrel, the tube 1 
was cooled and retained at the same time. 

The same reference numerals are used to de- 
30 note parts which are the same as those of Figure 1 , 
the description thereof being omitted. 

With reference to Fig. 4, the tube 1 is manufac- 
tured by the tube molding machine with the die 7 
having the ring-shaped noz2le 10, and drilled at the 
35 same time, as in the case of Figure 3. The tube 
retainer 2 is located inside the ring-shaped nozzle 
10 so as to retain the tube forced out of the ring- 
shaped nozzle 10 from its inner side. An air cooling 
device is at 8. 

40 The tube retainer 2 employed in Figure 1 has a 
pole 2e provided at the center of the nozzle 10 and 
two disk members 2f provided on the pole 2e, 
unlike the cooling inside mandrel employed Figure 
3. The outer diameter of the disk members 2f was 

45 the same as the inner diameter of the tube 1 , and 
this allows the tube 1 to be positioned precisely 
relative to the drilling laser beam irradiating portion 
3. 

A laser beam was focused between the two 
■ so disk members 2f by the laser beam irradiating 
portion 3. 

The tube retainer 2 may have more than two 
disk members 2f. In that case, the laser beam 
emitted from the laser beam irradiating portion 3 
55 may be focused on the portion of the tube 1 
located above the upper most disk member 2f. 

The tube 1 is conveyed by the tube conveying 
portion 4 consisting of two rollers which gripped 
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the tube 1, as shown in Fig. 5. 

The tube retainer may consist of a combination 
of the tube retainer of Fig. 1 and the tube retainer 
of Fig. 3, a combination of the tube retainer of Fig. 
2 and the tube retainer of Fig. 3, a combination of 
the tube retainer of Fig. 1 and the tube retainer of 
Fig. 4, a combination of the tube retainer of Fig. 2 
and the tube retainer of Fig. 4, a combination of the 
tube retainers of Figures 1 , 2 and 3 or a combina- 
tion of the tube retainers of Figures 2, 3 and 4. 

in the drilling apparatus shown in each of the 
aforementioned examples, the tube 1 may be 
drilled at intervals of 2.5 cm by conveying it at a 
speed of 10 cm/sec and irradiating the laser beam 
thereon at frequencies of 4 times/sec. 

The laser beam which has passed one side of 
the tube 1 may reach the other side thereof. How- 
ever, it does not form a hole on the other side of 
the tube 1, because it is not focused thereon. The 
drilling apparatus of Figures 3 and 4 is capable of 
manufacturing and drilling the tube 1 at the same 
time. Drilling is further facilitated in such an appara- 
tus because the tube 1 has a relatively high tem- 
perature. 

In the method of manufacturing a tube having 
holes and the drilling apparatus according to the 
present invention, the tube is continuously drilled 
by the laser beam focused on the side thereof 
while the tube is being conveyed in a tubular state. 
In consequence, selection of the position, the num- 
ber and the size of holes is easy. 

In the method of manufacturing a tube having 
holes and the drilling apparatus, the tube can be 
positioned precisely relative to the laser beam irra- 
diating portion so as to achieve drilling of holes at 
precise positions. The method and the drilling ap- 
paratus are therefore suitable for use in manufac- 
turing such tubes on a mass production basis. 

The thus-obtained tube can be made into a 
seamless tube later which withstands hydraulic 
pressure excellently. 



Claims 

1. A method of manufacturing a tube having 
holes, comprising a step of: 

continuously drilling holes in a side of a tube at 
predetermined intervals by a laser beam focused 
thereon while said tube is being conveyed in its 
longitudinal direction in a tubular state. 

2. A method of manufacturing a tube having 
holes according to claim 1, further including a step 
of molding the tube and, preferably, adding at least 
0.5 wt% of carbon black during the molding of said 
tube. 

3. A method of manufacturing* a tube having 
holes according to either of claims 1 and 2, 



wherein said laser beam is emitted by a laser 
beam generating device in which an excited ma- 
terial containing yittrium aluminum garnet is excited 
by light so as to generate near infrared rays of 
s light. 

4. A method of manufacturing a tube having 
holes according to claim 1, 2 or 3, wherein said 
tube is inflated by gas. 

5. An apparatus for manufacturing a tube hav- 
;o ing holes, comprising: 

a tube retainer for retaining a moving tube in a 
tubular state: 

a laser device having a laser beam irradiating por- 
tion disposed on a side of the path of said tube at 
;s a position where, in use, it focuses a laser beam on 
the surface of said tube; 

6. An apparatus for manufacturing a tube hav- 
ing holes according to claim 5, wherein said tube 
retainer has at least two ring or semicircular mem- 

20 bers having an inner diameter substantially equal to 
an outer diameter of said tube, and a base con- 
necting said two ring or semicircular members with 
each other, and wherein said laser beam irradiating 
portion is disposed on said base in such a manner 

25 as to be directed toward the tube as it passes 
through said tube retainer. 

7. An apparatus for manufacturing a tube hav- 
ing holes according to claim 5. wherein said tube 
retainer is a cylindrical or semicylindrical member 

30 having an inner diameter substantially the same as 
an outer diameter of said tube, said cylindrical or 
semicylindrical member having a laser beam irra- 
diation window, and wherein said laser beam irra- 
diating portion is disposed in such a manner as to 

35 be directed toward said window. 

8. An apparatus for manufacturing a tube hav- 
ing holes according to either of claims 6 and 7, 
wherein said tube retainer is provided downstream 
to a tube molding machine for passing a continu- 

40 ously molded tube therethrough and thereby retain- 
ing said tube, and wherein said tube molding ma- 
chine has a gas emitting means for supplying gas 
into said tube. 

9. An apparatus for manufacturing a tube hav- 
45 ing holes according to claim 5, further including a 

tuibe molding machine with a die having a ring- 
shaped nozzle, and wherein said tube retainer is 
provided inside said ring-shaped nozzle so as to 
retain the tube forced out of said ring-shaped noz- 
50 zle from inner side thereof. 
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FIG. 2 




FIG.7 
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